Introduction
Indole, benzimidazole, and benzotriazole derivatives appear in a wide range of biologically active compounds on both the synthetic and the natural basis. These heteroaromatics exhibit biological activities such as antiparasitic, 1 antimicrobial, 2 antiviral, 3 antiserotonergic, antiadrenergic, antihistaminic, and analgesic. 4 Omeprazole, lansoprazole, rabeprazole, and pantoprazole as proton pump inhibitors or H 2 receptor blockers are market drugs of benzimidazole derivatives, 5 and nonsteroidal aromatase inhibitor vorozole 6 and antiemetic drug alizapride 7 are examples of commercially used benzotriazole derivatives. Moreover, alkyl functionalized indole, benzimidazole, and benzotriazole derivatives show such bioactivities. 8−10 Given the importance of these functionalized heteroaromatics in medicinal chemistry, development of an environmentally friendly synthetic route to these heteroaromatics is of high importance.
To date, various synthetic methods have been applied to the alkylation of these heteroaromatics; however, very limited studies have been reported on the synthesis of carbonyl functionality bearing alkyl substituted indoles, benzimidazoles, and benzotriazoles. Acid catalyzed Mannich reaction of 1 H -benzimidazole with acetophenone and formaldehyde 9 or substitution reaction of alkyl halides with 1 H -benzimidazole 8 in organic solvents is used for the alkylation of benzimidazole. Another approach for the alkylation of heteroaromatics was reported by Roman with the use of Mannich bases to reach alkyl substituted benzimidazoles, 11 in which Mannich bases provide a good opportunity to form new C-C and C-N bonds through the substitution or elimination-addition reactions. 12 Recently, syntheses of alkyl substituted benzotriazoles have been reported via Mannich-type coupling of ketones and benzotriazoles in the presence of Selectfluor catalyst in DMSO 13 or from the reaction of enones in the presence of Sc(OTf) 3 .
14 Alkylated indole syntheses were handled from the reaction 
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In the present work, it is aimed to achieve the metal-free alkylation of 1 H -indole, 1 H -benzimidazole, and 1 H -benzotriazole from the reaction of these heteroaromatics with Mannich bases in water. In this approach, Mannich base 1 serves as an enone precursor for 2 as given in Scheme 1.
Scheme 1.
Retrosynthetic strategy of alkylated heteroaromatics.
Results and discussion
Vinyl ketones are generally unstable and high-cost starting materials; therefore, we previously used Mannich bases as enone precursors. 21 Here, our strategy began with the reaction of 1 H -indole (3) with Mannich base 1a in water (Scheme 2). The reaction furnished target molecule 4a with quite a high yield (50%) under catalyst-free conditions.
Scheme 2. Alkylation of 1 H -indole.
To improve the product yield, reaction conditions were optimized on the model reaction given in Scheme 2. In catalyst-free conditions, the highest yield was obtained in water (Table 1 , entries 1-3.) We next tested a variety of catalysts to improve the yield but Cu(OTf) 2 , Ce(OTf) 3 , CAN, and KSF gave the product with lower yields (20%-40%) ( Table 1 , entries 5-8). When the reaction was performed with K10, the yield of 4a increased from 50% to 75% (Table 1 , entry 4). We then screened the effect of ratios of 1 H -indole to Mannich base as shown in Table 1 , entries 9-11. The same result was obtained with the optimum ratio of 1:1.5 (Table 1, entry 10). Compound 4a has been previously obtained from the reaction of 1 H -indole (3) with 1-phenylprop-2-en-1-one (2a) in the presence of different metal catalysts in yields between 72% and 95% in organic solvents.
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With this strategy, we achieved a water-mediated environmentally friendly K10 catalyzed reaction starting from a Mannich base instead of unstable enones and compound 4a was obtained with yields comparable to metal catalyst reaction systems. Reactions of 1 H -indole with Mannich bases 1d and 1e formed products 4d and 4e with low yields (20% and 42%, respectively) ( Table 2 , entries 4 and 5). 4e was previously obtained by condensation of N ,N -dimethylacrylamide/trifluoromethanesulfonic anhydride complex with indole in a lower yield. 22 Mannich bases 1b and 1c, respectively, yielded corresponding alkylated products 4b and 4c with moderate yields (72%, 65%) ( With the optimum conditions in hand, we next expanded the reaction to the alkylation of 1 H -benzimidazole (5) and 1 H -benzotriazole (7) . K10 catalyzed reactions of 1 H -benzimidazole with Mannich bases 1a-1d, 1f-1g
were generated in water and the corresponding 3-alkylated benzimidazoles 6a-6d, 6f-6g were obtained with moderate to high yields ( (80%). Moreover, reactions with Mannich bases 1b, 1d, and 1g yielded the novel products 6b, 6d, and 6g with moderate to high yields (67%-80%). The results indicate that this environmentally friendly reaction protocol is very applicable for the alkylation of 1 H -benzimidazole. 3-Alkylated benzimidazole 6e formed; however, the isolation of the product failed due to the low solubility of this product in organic solvents. Formation of 6e was proved by mass analysis (Table 3 , entry 5). In the next step, the K10 catalyzed reactions of 1 H -benzotriazole (7) with Mannich bases 1a-1g were investigated. The reaction of 1 H -benzotriazole with Mannich base 1a was carried out and the reaction resulted in the formation of 3-alkylated benzotriazole 8a as the major product with 65% yield and 2-alkylated benzotriazole 9a as a minor product with 8% yield due to the two resonance forms of benzotriazole (Table 4 , entry 1). 3-Alkylated benzotriazoles 8b, 8c, and 8f were obtained with moderate to high yields (55%-79%) and 2-alkylated benzotriazoles 9b, 9c, and 9f formed with low yields (3%-20%) from the reactions of benzotriazole and Mannich bases 1b, 1c, and 1f, respectively (Table 4 , entries 2, 3, and 6). From the reaction of Mannich base 1g, 3-alkylated benzotriazole 8g was obtained with 65% yield as the only product (Table 4 , entry 7).
Compounds 8d, 9d, 8e, and 9e were formed; however, they could not be isolated due to their low solubility in organic solvents. Formation of 8d, 9d, 8e, and 9e was proved by mass analysis (Table 4 , entries 4 and 5).
With these results, hitherto unknown compounds 8b, 8f, 8g, 9b, 9c, and 9f were described in this study. All the synthesized compounds were characterized by 1 H NMR, 13 C NMR, and HRMS-TOF-MS techniques.
To investigate the reaction mechanism, we performed a series of reactions of 1 H -indole (3) and Mannich base 1a. When the reactions were performed at 50°C and room temperature, product yields decreased from 75% to 42% and 2%, respectively. These results showed that the formation of essential enone intermediate is highly temperature-dependent.
Independently isolated key structure enone 2a was used in a separate reaction of 1 H -indole (3), and the product was obtained in 80% yield, similar to the prior result (75%). In light of the foregoing findings, we suggest the reaction mechanism in Scheme 3. In this mechanism, Mannich base 1a in situ forms enone 2a at In conclusion, an environmentally friendly and simple method has been established to alkylate 1 Hindole, 1 H -benzimidazole, and 1 H -benzotriazole. All alkylation reactions were performed under metal-free conditions in water. In this strategy, target molecules were efficiently obtained with moderate to highest yields via environmentally friendly K10 catalyzed reactions of ketonic Mannich bases, as enone precursors, with 1 Hindole, 1 H -benzimidazole, or 1 H -benzotriazole. Our method exemplifies the fact that the Mannich bases are effective reagents in alkylation reactions of these heterocyclic systems. This study provides a beneficial method for the further alkylation reactions of such heteroaromatics in water-mediated environmentally friendly moderate reaction conditions.
Experimental
All reagents were purchased from Acros Organics, Sigma-Aldrich, or Fischer Scientific and were used without further purification. Reactions were monitored by TLC using precoated silica plates (Kieselgel 60, F254, Merck) and visualized by an UV lamp. Flash column chromatography was performed using silica gel (0.05-0.63 nm, 230-400 mesh ASTM, Merck). 1 H NMR (400 MHz) and 13 C NMR (100 MHz) data were recorded on a Bruker DPX-400-Ultra Shield FT-NMR spectrometer using SiMe 4 as an internal reference. Coupling constants are expressed as J values in hertz (s = singlet, d = doublet, t = triplet, bs = broad singlet, m = multiplet).
Melting points were determined with a Gallenkamp electrothermal digital melting point apparatus and are uncorrected. High-resolution mass spectra (HRMS) were recorded with an Agilent 1200/6210 high resolution mass time-of-flight (TOF) LC/MS spectrometer.
General procedure for synthesis of Mannich bases
Mannich bases were synthesized according to the given literature procedure. 23 A mixture of paraformaldehyde (1.80 g, 1.2 eq., 60.0 mmol), ketone (1.0 eq., 50.0 mmol), morpholine (4.35 g, 1.0 eq., 50.0 mmol), and hydrochloric acid (1.0 eq., 50.0 mmol) in ethanol was stirred at reflux. The reaction was monitored by TLC.
After the completion of the reaction, crude product was filtered and recrystallized in ethanol. (1.5 eq., 0.75 mmol), and montmorillonite K10 (0.15 eq., 75 mg) in 2 mL of water was heated to 80°C. The reaction was monitored by TLC. After completion of the reaction, the reaction mixture was cooled to room temperature and extracted with EtOAc (3 ×10 mL) and then dried over MgSO 4 . Solvent was removed under reduced pressure and the crude product was purified by column chromatography (EtOAc:hexane, 1:3; EtOAc). 
3-(1H -Indol-3-yl)-1-phenylpropan-1-one (4a):

3-(1H -Indol-3-yl)-1-(1H -pyrrol-2-yl)propan-1-one (4d):
